Introduction
Some pterins having a hydroxyalkyl side-chain at C-6, a representative example being biopterin (1), have been found as glycosides in certain prokaryotes such as cyanobacteria and anaerobic photosynthetic bacteria: e.g., 2'-O-(α-D-glucopyranosyl)biopterin (2) (1-4), its β-D-ribofuranosyl analog (3) (5) , and limipterin (4) (6) ( Figure 1 ). As for glycosides of neopterin (5), 3'-O-(β-D-glucopyranosyluronic acid)neopterin (6) was isolated from Azotobactor agilis (7) and Bacillus subtilis (8) , whereas its 2-amino-2-deoxy-α-D-glucopyranosyl analog (solfapterin) (7) was isolated from thermophilic archaebacterium Sulfolobus solfataricus (9) . Various other glycosides consisting of different pterins such as ciliapterin and 6-hydroxymethylpterin have also been found in cyanobacteria and anaerobic photosynthetic bacteria (10) (11) (12) .
The physiological function of parent pterins has been studied in detail: e.g., biopterin (1) exhibits enzyme cofactor activity in aromatic amino acid hydroxylation (13) (14) (15) and nitric oxide synthesis (16) (17) (18) as the form of its tetrahydro derivative, while neopterin (5) has been shown to be a marker for the activation of cellular immunity or an inducer of apoptosis (19) (20) (21) (22) . By contrast, the functional roles of pterin glycosides have remaind obscure, though some inhibitory activities against tyrosinase were reported for biopterin D-glucoside (2) (23). Despite a considerable interest from the viewpoint of their biological activities and functions as well as the structural proof of hitherto reported natural products, attempts at preparation of natural pterin glycosides have so far scarcely been made, except for our synthetic studies on biopterin and ciliapterin glycosides (24) (25) (26) (27) (28) (29) (30) (31) . We describe herein an efficient synthesis of 3'-O-(β-D-glucopyranosyluronic acid)neopterin (6) as the first synthetic example of a natural neopterin glycoside.
Results and Discussion
The neopterin derivative (10a), whose pyrimidine moiety and 1',2'-hydroxy groups of the side chain are protected, can be perceived as the key precursor to achieve a selective 3'-O-glycosylation ( Figure 2 ). As a starting material, neopterin (5) was prepared from Darabinose according to the reported procedures (32) . desilylation. We thus attempted the cleavage of 3'-O-TBS group of 9 under acidic conditions. Treatment of 9 with trifluoroacetic acid (TFA) in dichloromethane was found to exclusively afford the 1',3'-di-O-acetate (10b), whereas hydrolysis of 9 in 60% acetic acid turned out to predominantly give the desired 10a (84%), along with a minor amount of 10b (10%).
Glycosylation of 10a was examined by use of glycosyl donors, such as methyl 2,3,4-tri-O-acetyl-(11a) (34) and 2,3,4-tri-O-benzoyl-α-D-glucopyranosyluronate bromide (11b) (35) , in the presence of an activator (Figure 3) . Treatment of 10a with 3.0 mol equiv. of 11a in the presence of silver triflate (2.0 mol equiv.) and tetramethylurea (TMU) (1.0 mol equiv.) in dichloromethane at room temperature for 2.5 h resulted in the predominant formation of the 1',2',3'-tri-Oacetylneopterin derivative (13) in 53% yield; the desired 3'-O-(β-D-glucopyranosyluronate)neopterin derivative (12) was obtained in a minor portion (31% yield). Production of 13 can be perceived as the result of the subtraction of 2-O-acetyl group of 11a by 10a via the α-D-glucopyranosulonate-1,2-orthoacetate intermediate (31) . Similar treatment of 10a with 3.0 mol equiv. of the tri-O-benzoyl analog (11b), however, afforded the desired glycoside (14) in 64% yield, along with the recovery of 10a (26%). Therefore 11b seems to be a more suitable glycosyl donar for this work compared with 11a. The β-anomeric configurations of thus synthesized neoperin glycosides (12,14) were assigned on the evidence of their J1,2 values (7.3-7.6 Hz). Their stereoselective β-glycoside formation was mainly attained by participation of the neighboring groups (2-O-acyloxy groups of 11a,b). 
